Objectives: To test whether older adults from high and low educational groups are differentially vulnerable to the impact of smoking and physical inactivity on the progression of mobility impairment during old age. Methods: A nationally representative sample of older Swedish adults (n = 1,311), aged 57-76 years at baseline (1991), were followed for up to 23 years (2014). Multilevel regression was used to estimate individual trajectories of mobility impairment over the study period and to test for differences in the progression of mobility impairment on the basis of smoking status, physical activity status, and level of education. Results: Compared to nonsmokers, heavy smokers had higher levels and steeper increases in mobility impairment with advancing age. However, there were only small and statistically nonsignificant differences in the impact of heavy smoking on mobility impairment in high versus low education groups. A similar pattern of results was found for physical inactivity. Discussion: Differential vulnerability to unhealthy behaviors may vary across populations, age, time-periods, and health outcomes. In this study of older adults in Sweden, low and high education groups did not differ significantly in their associations between heavy smoking or physical inactivity, and the progression of mobility impairment.
disadvantaged groups compared to those with more socioeconomic resources (Ferraro & Shippee, 2009; Fritzell, 2014) .
To a large extent, these socioeconomic differences in health are due to differential exposure to risk over the life course, as socioeconomically disadvantaged groups are exposed to more risks pertaining both to early-life exposures and to their work, living, and housing conditions in general (Marmot, 2009) . Unhealthy behaviors, such as smoking and physical inactivity, are often singled out as key determinants to socioeconomic health inequalities, and socioeconomic circumstances are thought to be powerful shapers of an individual's motivations and means of maintaining a healthy lifestyle (Pampel, Krueger, & Denney, 2010) . For example, persons with higher education have more knowledge and means to make healthier lifestyle choices, such as quitting smoking and being physically active, because health messages usually reach these groups before the lower educated groups, and because higher education is also associated with higher income, which in turn provides the means for healthy lifestyles such as memberships in sports associations and access to safe neighborhoods with green areas and sports facilities. Recent research indicates that the unequal distribution of unhealthy behaviors may account for close to 50% of the observed socioeconomic differences in mortality among some subgroups of the U.S. aging population .
Still, the contribution of lifestyle factors to socioeconomic inequalities strongly varies across populations and studies. For instance, a Swedish study found that lifestyle factors play a relatively small role in mediating socioeconomic inequalities in late life health (Fors et al., 2013) . Others have found that lifestyle factors account for a relatively large degree of socioeconomic inequalities in health within a British sample, but a relatively small degree of the inequalities found in a French sample (Stringhini et al., 2011) . The degree to which health behaviors explain socioeconomic differences in health across populations is assumed to be a reflection of socioeconomic differences in exposure to unhealthy lifestyles. However, it may also be a reflection of socioeconomic differences in vulnerability to the health effects of unhealthy lifestyle factors (Diderichsen et al., 2012) .
Differential Vulnerability to Unhealthy Lifestyles
The idea that socioeconomic conditions can shape not just exposure to risk but also vulnerability to the health impacts of a given risk factor can be traced back to research on the psychological consequences of social stress (Kessler, 1979) . According to this line of thinking, socioeconomic conditions modify the severity of impact of a risk factor, such as stress, primarily because socioeconomic conditions determine access to resources for effectively coping with or compensating for the potential damage caused by a risk factor.
The current study is based on the notion that socioeconomic conditions can similarly modify the impact of an unhealthy lifestyle factor, particularly among older adults. This notion stems from the understanding that, throughout the life course, exposures to a wide range of not just behavioral but also social and physical risks tend to accumulate disproportionately within socioeconomically disadvantaged groups (Ferraro & Shippee, 2009 ). The cumulative burden of socioeconomic disadvantage that builds across the life course could leave older adults of low socioeconomic status with less capacity to withstand, or compensate for, the negative effects of an unhealthy lifestyle (Diderichsen et al., 2012; Pampel & Rogers, 2004) . This clustering of risk factors also increases the probability of interactions between risk factors; for example, socioeconomically disadvantaged groups are more likely to smoke, and also more likely to have been exposed to asbestos in their work or home environment, thereby magnifying the risk of developing lung cancer (Hammond, Selikoff, & Seidman, 1979) . In addition, socioeconomic differences in the intensity of engagement in unhealthy behaviors (e.g., smoking inhalation patterns) may magnify the impact of unhealthy lifestyle factors within socioeconomically disadvantaged groups (Pennanen et al., 2014) .
Moreover, certain unhealthy behaviors, particularly smoking, can serve as coping strategies in response to stress. Socioeconomically disadvantaged groups not only adopt unhealthy behavioral coping strategies to a greater extent than more privileged groups (Krueger & Chang, 2008) but may also lack the means and motivation to employ compensatory resources, such as effective stress management and avoidance of occupational hazards, which could partially counterbalance the negative effects of their unhealthy behavior. Thus, the negative health consequences of an unhealthy behavior such as smoking may be magnified by high stress levels (Krueger & Chang, 2008) . More privileged groups, on the other hand, with their higher access to social, economic, and medical resources throughout life, may use more constructive coping resources and be more likely to hold the means and motivation for overcoming, or compensating for, the potential damage caused by unhealthy lifestyle factors (Diderichsen et al., 2012) .
Prior research provides some evidence in support of the hypothesis that an unhealthy lifestyle is likely to be more strongly related to health problems among lower socioeconomic groups compared to higher. For example, a large Danish study recently showed that unhealthy lifestyles, particularly smoking, have the strongest associations with mortality in the most socioeconomically disadvantaged group (Nordahl et al., 2014) . Similar findings have been reported with respect to the consequences of heavy drinking (Makela & Paljarvi, 2008) .
What is not clear is if a similar pattern of differential health impact is apparent when examining the long-term progression of functional health problems, such as mobility impairment. From a public health perspective, functional health problems are of great significance for aging populations due to their impact on individual autonomy, and the burden that functional dependence places on governmentfunded health care services (Fried, Bradley, Williams, & Tinetti, 2001) . Unhealthy lifestyle factors, such as smoking and physical inactivity, have been found to be associated with relatively steep increases in mobility problems from midlife to old age , perhaps due to decreased muscle mass and decreased physical performance (Keysor, 2003; Rapuri, Gallagher, & Smith, 2007) . Furthermore, previous studies have shown that functional health problems are more prevalent, and their age-related progression is steeper in more disadvantaged groups, whether measured as education, income, or occupational social class (Fors, Lennartsson, & Lundberg, 2008; House, Lantz, & Herd, 2005) . If the impact of unhealthy lifestyle factors on mobility impairment is found to be particularly pronounced within older adults with lower education, it would provide added justification for targeting these unhealthy lifestyle factors as a way to diminish socioeconomic disparities in health within aging populations. Alternatively, it is also possible that disadvantaged groups are less vulnerable to the long-term impact of unhealthy lifestyles on functional health. According to this perspective, because socioeconomically disadvantaged individuals are exposed to a host of various other social, economic, and behavioral risk factors, the added health risk of an unhealthy lifestyle is likely to be rather small (Blaxter, 1990) . Such results would call into question the value of targeting unhealthy lifestyles as a means toward reducing socioeconomic inequalities in health. Thus far, this hypothesis has only been supported with cross-sectional data (Blaxter, 1990) , and attempts to replicate findings have generally been unsuccessful (Marang-van de Mheen, Smith, & Hart, 1999) .
A third possibility is that the association between lifestyle and health is not socially patterned. In this case, the observed marginal damage of each unhealthy behavior would be the same across socioeconomic groups (Charafeddine, Van Oyen, & Demarest, 2012) .
To our knowledge, no study has investigated if the association between unhealthy lifestyle factors and the progression of functional health problems varies between socioeconomic groups. In the present study, smoking and physical inactivity are investigated as predictors of trajectories of mobility impairment over a 23-year period among older adults with high and low levels of education.
Methods

Data
Nationally representative data from the Level of Living Survey (LNU) and the Swedish Panel Study of Living Conditions of the Oldest Old (SWEOLD) were used (Lennartsson et al., 2014) . LNU consists of a random sample of the population aged 15(18)-75 years in Sweden (n = 6,000-9,000) and has been conducted in 1968, 1974, 1981, 1991, 2000, and 2010 . Persons over 75 years are included in the SWEOLD study. SWEOLD was initiated in 1992, with additional data collections in 2002, 2004, 2011, and 2014 . The data collections in 2004 and 2014 had lower age limits of 69 and 70 years, respectively.
The current study used baseline data from LNU 1991 with follow-ups in LNU2000/SWEOLD2002, SWEOLD2004, SWEOLD2011, and SWEOLD2014. The sample consisted of individuals aged 57-76 years at baseline who were interviewed in LNU 1991 (n = 1,334). Of these, 23 persons had incomplete data on the included variables. Thus, the analytical sample consisted of 1,311 persons. After baseline, this sample was reinterviewed up to four times. Of those who were still alive at the time of each data collection, 88% were reinterviewed in 2000/2002, 94% in 2004, 91% in 2011, and 84% in 2014 . About 67% of the sample died during follow-up.
Variables
Functional health is the outcome in this study and was measured with indicators of mobility impairment collected in 1991, 2000/2002, 2004, 2011, and 2014 . A summary index was constructed with responses to three items: the ability to walk 100 m without difficulties, to run 100 m without difficulties, and to go upstairs and downstairs without difficulties. Responses were yes (0) and no (1). Walking problems were weighted double (2 points). The summed index ranged from 0 to 4, with higher scores reflecting more mobility impairment. These items have been included in mobility indices in other studies (e.g., .
Key independent variables included smoking and physical activity. Smoking was measured at baseline (1991), with four categories: never smokers, former smokers, light smokers (<10 cigarettes per day), and heavy smokers (10 or more cigarettes per day). Physical activity was measured at baseline by asking respondents if they do any kind of exercise, sports, or outdoor activities such as long walks, and how often. Response options included (a) several times per week, (b) about once per week, (c) one to three times per month, (d) more seldom, or (e) not at all. Response options (c) and (d) were collapsed and defined as monthly activity.
Socioeconomic position was represented by education, categorized as the highest level of education and dichotomized into primary education or less (typically between 6 and 8 years of education) and secondary education or more. This cutoff was chosen because in these birth cohorts in Sweden, only a small proportion has a university degree. Among those aged 55-74 years in 1991, 11.4% had some kind of tertiary education (Statistics Sweden, 2016 ). Thus, the major distinction for these cohorts was whether they had a secondary education or not (Erikson & Jonsson, 1996) . This division has been used in other studies investigating educational differences in health in these cohorts (Fors & Thorslund, 2015) .
In addition, the following covariates were included in the analyses: age (measured in years since birth), sex, and baseline body mass index (BMI) [categorized as normal weight (<25), overweight (≥25 and <30), and obese (≥30)]. BMI was included in our fully adjusted models, as it may partially confound the associations between smoking/physical activity and mobility impairment. Other covariates in our fully adjusted models were smoking and physical inactivity at the first point of follow-up (2000/2002) , as well as follow-up time and death during follow-up. Follow-up time (in years since baseline) and death during follow-up were included in the analyses to adjust for selective mortality and attrition. Similar approaches have been used in other longitudinal studies using multilevel regressions . Follow-up smoking was categorized as current smoking, current nonsmoking, and a third category of persons with no information about smoking (for the deceased and nonresponders). Follow-up physical inactivity was measured with the same question as baseline for respondents who were 75 years of age or younger at first follow-up. For those older than 75 (and thus participants in the SWEOLD study), the only available measure of physical activity was a question asking respondents about taking walks during leisure time. Both measures were dichotomized to compare individuals who did not participate in these physical activities and those who did. Similar to follow-up smoking, a third category of individuals with no information about follow-up physical activity was created. Follow-up information about behaviors was included in the fully adjusted models because changes in the behavioral patterns (e.g., smoking cessation) may affect the associations between behaviors at baseline and subsequent health, and may differ for low and high education groups.
Statistical Analyses
Analyses of the data involved estimating individual-level changes in mobility impairment over time using multilevel models, which can be used with data in which repeated measurement are nested within individuals. At the intraindividual level, we estimated the intercept, rate of change (i.e., linear slope), and curvature (i.e., quadratic slope) of mobility impairment across repeated observations for each individual. At the interindividual level, we added time-constant covariates (e.g., baseline age, gender, smoking, physical inactivity) to test whether they are associated with interindividual variations in the different components (intercept, linear slope, and quadratic slope) of mobility impairment trajectories (see Shaw & Liang, 2011) . In separate models, baseline smoking and baseline physical inactivity were examined as predictors of trajectories of mobility impairment. Initial models were adjusted for age and sex. In subsequent models, we included smoking status or physical inactivity status at follow-up (respectively), and BMI, death during the study period, and years of follow-up. Analyses were stratified by educational level.
Parameter estimates from these models were used to plot trajectories of predicted mobility impairment for key subgroups, including high education/never smokers; high education/heavy smokers; low education/never smokers; low education/heavy smokers; as well as high education/ daily active; high education/inactive; low education/daily active; and low education/inactive. The predicted values for these groups at baseline, 10 years (approximate mean follow-up time), and the end point of the study period were then compared to assess the presence of interactions on an additive scale (VanderWeele & Knol, 2014) which would be indicative of differential vulnerability across education groups. We also tested for interactions between education and smoking/physical inactivity in the level and progression of mobility impairment by using both dichotomous and continuous measures of education and computing interaction terms. All multilevel regressions were run in hierarchical linear modeling (Raudenbush & Bryk, 2002) , and Microsoft Excel was used for plotting the figures and running additional calculations. Table 1 presents descriptive data on the demographic characteristics, smoking status, physical inactivity status, BMI, follow-up time, and mortality for the low and high education subgroups of the sample. The low education group consists of more women, reports lower levels of physical activity both at baseline and at follow-up, has higher BMI, and died during follow-up to a higher extent than the high education group. Table 2 presents the results from multilevel models assessing interindividual differences with respect to the growth curve parameters (intercept, linear slope, and quadratic slope) from the individual trajectories of mobility impairment over time. Significance levels for the fixed effects presented in this table are used to assess whether each of the three smoking groups (former, light, and heavy smokers) differs from the never-smoker group with respect to each of the growth parameters. In each model, time was centered on its mean, so that the intercept parameters represent levels of mobility impairment at the mean follow-up time (9.7 years).
Results
Smoking and Mobility Impairment
Results from Model 1, adjusted only for age and sex, show that heavy smoking is associated with both higher levels of mobility impairment at the intercept, and steeper linear increases in mobility impairment over time. This pattern of association between heavy smoking and mobility impairment is observed in both those with high education (B = 1.81, p < .01 for the intercept; B = 0.09, p < .05 for the linear slope) and those with low education (B = 2.58, p < .001 for the intercept; B = 0.12, p < .001 for the linear slope). Figure 1 presents plots of the predicted levels of mobility impairment for never smokers and heavy smokers with high and low levels of education. In Table 3 , the predicted levels of mobility impairment at baseline, midpoint (10 years), and end point of the follow-up period that appear in Figure 1 are compared to one another, on an additive scale, in order to describe the interactions between smoking and education. These comparisons show that, at baseline, the absolute level of additional impairment due to heavy smoking is similar in the low and high education groups (0.18 vs. 0.22). At the midpoint, the level of additional impairment due to heavy smoking becomes larger in the low education group compared to the high education group (0.88 vs. 0.63). And, at the end point, the estimated level of additional impairment due to heavy smoking remains larger in the low education group compared to the high education group (0.79 vs. 0.61). In separate analyses, we conducted statistical tests of the interactions between level of education and smoking on mobility impairment; these tests indicate that the differences in additional impairment between low and high education groups are not statistically significant. Table 2 , the associations between baseline smoking status and mobility impairment over time are reestimated after adjusting for BMI, follow-up smoking status, follow-up time, and death during follow-up. Adjusting for these factors allows us to further isolate the association between baseline smoking and subsequent mobility impairment in the high and low education groups by parsing out the portion of variation in mobility impairment that is due to potential differences across smoking and educational groups in these factors. Following these adjustments to the model, the associations between both light and heavy smoking and mobility impairment for the low education group remain statistically significant (for light smoking, B = 2.23, p < .01 for the intercept; for heavy smoking, B = 2.69, p < .001 for the intercept, B = 0.19, p < .001 for the linear slope, and B = 0.0004, p < .05 for the quadratic slope). Within the low education group, the level of mobility impairment in heavy smokers is 0.97 higher than the level of impairment in the never-smoker group at the intercept (2.69-1.72); this compares to a difference of 0.12 between heavy smokers and never smokers with high levels of education (1.18-1.06). The reference category is the never-smoker group for each set of results. Significance levels are for comparisons with the never-smoker group. Significance levels are *<.05, **<.01, ***<.001.
In Model 2 of
Again, tests of interactions between level of education and smoking indicate that education-based differences in the association between heavy smoking and mobility impairment are not statistically significant. Table 4 presents estimates from models of the association between physical activity status at baseline and mobility impairment trajectories over time. These models show that, compared to those engaged in daily physical activity, those who are inactive have higher levels of mobility impairment at the intercept and a slower increase in mobility impairment over time. Similar to the case for smoking, this pattern of results is observed in both those with high education (B = 1.95, p < .001 for the intercept; B = 0.05, p < .05 for the linear slope) and those with low education (B = 2.43, p < .001 for the intercept; B = 0.06, p < .001 for the linear slope).
Physical Inactivity and Mobility Impairment
In a Supplementary Figure, we present the predicted levels of mobility impairment for the most and least active older adults with low and high education, and we also present a table describing the additive interactions between these predicted values. These results show that at each time point, physical inactivity is associated with a slightly greater increase in mobility impairment among low educated older adults than among high educated older adults on the additive scale. However, results from the interaction analyses are not statistically significant suggesting that there are no educational differences in vulnerability to the effects of physical inactivity on mobility impairment (see Supplementary Figure and Table) .
Discussion
The findings from this study indicate that heavy smoking (10 or more cigarettes per day) and physical inactivity during late middle age or early old age predict higher levels and faster increases of mobility impairment in the subsequent years of old age. These findings provide further support for the idea that unhealthy behaviors have damaging and longterm effects on the functional health of older adults and highlight the importance of adopting a healthy lifestyle in order to maintain functional health during old age. In addition, our findings indicate that aging adults with lower levels of education are at increased risk for mobility impairment throughout old age. These findings underscore our growing awareness that socioeconomic inequalities in functional health persist into old age (Enroth, Raitanen, Hervonen, & Jylha, 2013) . According to our results, the association between unhealthy behaviors and mobility impairment was somewhat stronger in the low education group, with older adults with low levels of education experiencing a slightly increased, or "extra," vulnerability associated with heavy smoking and physical inactivity during the follow-up period. However, this "extra" vulnerability among older adults with low education compared to older adults with high education was not statistically significant. Thus, although we may see indications of differential vulnerability, our results are not strong enough to reject the null hypothesis that smoking and physical inactivity influence mobility impairment equivalently at different levels of education.
As for differential exposure, physical inactivity was more common in the low education group compared to the high education group, whereas smoking and former smoking were not more common in the low education group within these birth cohorts. This is likely to be a cohort effect; smoking has decreased remarkably over time (although it has increased in some cohorts of women) and has increasingly become a habit of the lower socioeconomic groups (Giskes et al., 2005; Parker & Agahi, 2013) . The birth cohorts investigated here (born 1915-1934) may be too old to have been affected by this socioeconomic shift in smoking. Another complementary explanation is that smokers in the low education groups may have died before baseline to a higher extent than smokers in the high education groups (see methodological limitations below).
Some researchers who have tested the association between unhealthy lifestyle factors and mortality across different levels of education have arrived at a similar conclusion about a lack of differential vulnerability (Charafeddine et al., 2012; Marang-van de Mheen et al., 1999) . Others, however, have found evidence of increased vulnerability among low socioeconomic groups, for example, with respect to mortality and health outcomes related to alcohol use (Makela & Paljarvi, 2008) and with respect to mortality related to smoking (Nordahl et al., 2014) . Taken together, these previous findings, along with our current findings, suggest that socioeconomic differences in vulnerability to the effects of unhealthy lifestyles vary between populations, and with respect to certain lifestyle factors and certain health outcomes. That is, vulnerability is likely to be a product of the specific combination of risk factors that cluster together and that in turn may interact with each other to create higher vulnerability to certain risk factors. Because the combination of risk factors in socioeconomically disadvantaged groups varies across cultural settings, across time-periods and in different age groups, then so should vulnerability. Although there were no socioeconomic differences in exposure to smoking in the cohorts investigated here, in subsequent cohorts of middle-aged and older adults there are such socioeconomic differences. Consequently, in today's cohorts of older adults with lower socioeconomic position, exposure to risk factors such as smoking and physical inactivity may be clustered in more unfavorable ways. We cannot rule out that this may lead to increased vulnerability and thereby larger differences in vulnerability between high and low socioeconomic groups in today's middle-aged and older cohorts. Accordingly, our findings showing only weak evidence of differential vulnerability among a sample of older adults may indicate that the clustering of risk factors in this particular cohort of socioeconomically disadvantaged individuals was not especially harmful. It may also indicate that socioeconomic differences in the impact of smoking and physical inactivity weaken at older ages. The higher age of this study sample compared to that in previous studies did not reveal larger socioeconomic differences or higher vulnerability to unhealthy lifestyles that in turn would imply an accumulation of risks over the life course. This may be because the most vulnerable persons, particularly in the socioeconomically disadvantaged groups or those with unhealthy lifestyles, may have already died before The reference category is the daily activity group for each set of results. Significance levels are for comparisons with the daily activity group. Significance levels are *<.05, **<.01, ***<.001.
the baseline assessment or may have been too frail to participate, and thus were not included in our study sample. It is also possible that a general measure of functional health, such as the measure of mobility impairment used in this study, is too nonspecific to capture differences in vulnerability to unhealthy lifestyle factors. Differences may be more apparent for specific health outcomes, such as the higher risk of lung cancer, that have been linked to interactions between unhealthy lifestyle factors (i.e., smoking) and other specific unmeasured risks that are also highly correlated with socioeconomic position (such as asbestos) (Hammond et al., 1979) .
In addition, methodological limitations may have contributed to the weak indications of differential vulnerability in this study. For instance, our findings show a trend toward increased vulnerability among low education older adults, but our estimates lacked precision, perhaps in part due to small sample sizes. The high and low education groups in our sample each had fewer than 100 heavy smokers at baseline. Also, our measures of physical activity, smoking, and mobility impairment may have lacked precision and been too crude to capture enough variation in these behaviors, which in turn may have blurred and weakened our results. Because of sample size concerns, our measure of socioeconomic position, a dichotomous measure of educational attainment, was also relatively crude. If socioeconomic gradients in the impact of smoking or physical inactivity are strongest, for example, at the lowest levels of socioeconomic position, they may have been masked by our crude measure of socioeconomic position. In additional analyses, we modeled other categorizations of education as tests of sensitivity, including years of education and three education levels instead of two (primary, secondary, and tertiary education). There were no statistically significant interactions between education and smoking/physical inactivity on mobility impairment in any of these analyses.
Moreover, due to high mortality rates, particularly among heavy smokers with low levels of education, we may have underestimated the risk of mobility impairment over time. And, as mentioned above, the relatively high baseline age of our sample implies that differential mortality may be an issue since smokers and persons with low education are more likely to have died before the baseline assessment and therefore would not have been included in the study. On the other hand, the high response rates in the baseline assessment and the follow-ups reduce the influence of selective nonresponse on the results. Also, an advantage of using multilevel analyses is that all available data points are included in the analyses; complete data for the whole follow-up period are not required for inclusion in the analyses.
Owing to these limitations, more work examining differential vulnerability and its contribution to socioeconomic inequalities in functional health among older adults is warranted. For example, as previous research has found combined effects of smoking and physical inactivity on later disability , future research could investigate whether these combined effects differ by educational level. On the basis of the current findings, however, it appears as if both smoking and physical inactivity are harmful to the mobility of aging adults, and that their impacts seem to be roughly equivalent within higher and lower education groups. Future studies with larger samples and more detailed measures of behavioral and socioeconomic factors are needed to investigate this issue further.
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Funding
This work was supported by Forte, the Swedish Research Council for Health, Working Life and Welfare (grant 2012-1704), the National Institutes of Health (grant 5R24HD044943-12), and NordForsk (grant 74637). The funding sources had no role in the data collection, analysis and interpretation of data, writing the manuscript, or the decision to submit it for publication.
